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urrent thinking on the performance
of residential hedt detectors com

HE» 35 pared to that of staoke detectors, as
R an s Y embodied In most USS. codes, recently
4 ""..;i YEAr has been challenged. .

w Fit L This article assembles from the litera-
ture a coraprehenstve picture of what is
known about the relative performance of
these two detector types in residential
fires. The studies cited here were identi-
fied in- a recently published, comprehen-
sive literature review! and are available
in the open literature. In each case, the
study has been summarized and its con-
clusions on heat and smoke detector
performance are quoted.

Detector technol and
standards during 1960s

In thie 1860s, the only fire detection de-
vices avallable to homeowners specifi-
cally intended for use in the home were
mechanically powered heat detectors, ei-
ther the compressed-gas type or the
spring-wourd type.

These early devices, which orlginally
were introduced to the market fn 1955,
had a UL space rating (an indicator of
thelr sensitivity) of 26 feet, compared to
the 70-foot rating of heat detectors being
sold today. Using the relationship be-
tween the space rating and the time
constant (1) given In Table C32.1.1 of
the 1990 edition of NFPA T2E, Automatic
Fire Detectors, this increase In space
rating should equal an approximately
fourfold increase in sensitivity.

The only smoke detectors then avall-
able were conunercial-style photoalectric
(scattering) types that were operated
from 2 fire alarm control panel These
early photoelectric detectors demon-
strated a slow response because their
designs restricted smoke entry into the
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sensing chamber and breause the typical

. BU° scattering angle was inefficient for
the dark smoke particles that flaming
combustion produced.

At that time, federal regulations re-
quired that installations of ionization-
type detectors be individually licensed
and that detectors be tested annually for
leakage of the radicactive source mate-
rial. After about 10 years of testing data
indicated that no leakage ever occurred,
these regulations were withdrawn in the
late 1860s. )

When the first edition of NFPA 74,
Household Fire Warning Equipment,

_ was published in 1967, the ruinimwn re-
quirement for a residential fire alurm
system was a heat detector in every room
and a smoke detector outside the bed-
rooms, all connected to a control panel. It
is estimated that such systems were in-
stalled in fewer than | percent of US.
homes because of the cost—about $1,500
for a small housa,

Studies conducted
during the 1960
“The earliest direct comparison of the
performance of smoke and heat detec-
tors In a residential setting was a study
published by John McGuire and Brian
_ Ruscoe of the National Research Council
of Canada in 18622 They examined re-
ports of fatal fires in residential dwell-

s
ap,

ings, classified as “unshared separate 77Tl D ; o R
. dwellings,” that occurred between 1856 - .. ¢ e ; ! "“ Ti
L and 1960, resulting in 342 deaths. LT TR DA &g{
o mine), they estimated the lifesaving po- : 335 A7
tential if detectors had been Installed in
the dwellings in two configurations:

¢ a fixed-temperature heat detector ac-
tivating at 150°F (66°C) in the area of fire
origin——in effect, a heat detector in every

| This review of the literature presents a
comprehensive picture of the performance of
_————residenticl detectors in fire tests.
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¢ two sinoke detectors, one outside the
sleeping room(s) or at the head of the
maln stalrcase in a two-story dwelling
and one at the head of the busement
stairs (if there was a busement).

The researchers concluded that the
smoke detectors would have saved 41
percent of the 342 victims and that heat
detectors would have saved 8 percent.

in 1860, the Los Angeles Fire Depart-
ment cordlucted the first experiments on
the performance of residential fire detec-
tion systems; the results were reported in
the NFPA Quairterly in 1963 The tests
were designed to evaluate the detectors’
ablility to respond to two very different
types of fires: smoldering fires initiated In
an upholstered chair by dropped smok-
ing materials, and fust, relatively smoke-
less fires in containers of trash.

The departiment conducted 13 tests in
four different one- and two-story dwell-
ings of ordinary construction. Tests 5
through 13 included photoelectric smoke
detectors, and all the tests used spring-
wound, residential heat detectors; these
were the first independent tests of these
devices reported in the literature. The
results of the tests are summarized in
Table 1. C

The report concluded with a series of
observations:

One Is Not Enough
Rickhard WsBukowski, P.E.

ple are losing their lives In
homes that contain working
smoke detectors. We all have heard
about fatsl fires that occurred after
the occupants had failed to replace &
detector’s battery or disabled a de-
tector that sounded an alarm once
too often because of smoke from

“In the slow, smaoldering fires con-
ducted during these tests:

“l. Disabling and neur-lethal concen-
trations of carbon monoxide gas were
recorded prior to the sounding of heat-
activated fire alarms.

"2 Temperatures within the dwellings
rernained near ambient until such time as
the upholstered fumiture being burned
burst into flames.

3. Before operation of a heat-activated
device, visibility within the dwelling was
diminished to the point where, in bright,
sunny, daylight conditions, people would
be unable to rely on sight'(as a means of
recelving adequate warning) for evacuat-
ing the premises.

“4. In all tests in which smoke detec- -

tors were used, the smoke-activated de-
vice operated prior to the development of
serious concentrations of carbon monox-
ide or smake.

“In the rapld-burning rubbish fires con-
ducted during these tests:

“1. Heat-activated devices operated

soon after ignition of the fire and before’

serivus carbon monoxide or smoke con-
centrations were in evidence.

*“2. Smoke devices did not respond as
long as the fire was free hurning.”

The next experimental study of detec-
tor performance reported was conducted
by the ‘Bloomington Fire Department in

where working detectors are present
begin on the first floor of a dwelling
where the only detector is located
outside second-floor bedrooms, In
other fires, a closed door prevents
smoke from reaching the detector.
By the time the detector sounds an
alarm, the escape path Is blocked,

Minnesota in May 1969." The tests toak
place In a $00-square-foot (S4-square-
meter) dwelling with two bedrooms and
& bathroom on the first floor, an attic
containing one bedroon, and an unfin-
Ished basement, .

Smoke detectors were located in two
first-fluor halls sutside the bedrooms and -

. atthe wp of the attic stulrway, and there

‘was an additional smoke detector in the'
attic. Rate-ofrise heat defecturs were

-placed in every room and adjacent to

each smoke detector, and a single fixed-
temperature heat detector was kocated int
the attic bedroom. All the detectors were
cornmercial types, connected to a fire
alarm panel, rather than the single-
station types comunon today.

Five tests were conducted “.. .t de-
termine the reaction of various types of
detectors - to typical dwelling fires” The
published report presented a stmmary of
the results with a minimum of commen-
tary and no statement of coriclusions. -

The first test involved a smoldering fire
simulated by placing a roll of cofrugated
cardboard on a hotplate in the basement.
Four detectors responded—three smoke
detectors and one rate-of-rtse heat detec-
tor—before conditions became untena- -
ble, although by the time the last three
activated-—two smoke detectors and the .
heat detector—conditions in the base-

living unit, including the base-
ments (see paragraph 2-LL1 in the
.1689 edition of NFPA 74). (ItHes
mine.) The more detectors there are,
the safer the home will be.

Since smoke detectors are inex-
penstve, many people can afford to
install one In every roomu But sraoke
detectors should not be Installed In

cooking. But cases also have been the occupants perish unless they can
reported where the detector was escape through a window.
working and the fire department was Survivors of some of these fires
at a loss to explain why the victims have sald, “If only someone had told . .
died: e eeded ore tarianedetacto
" While a few of these cases are s I certainly would have bough
real mystery, many can be explained more." Sadly, some swvivors have
by the tests discussed in the accom- sald that the fire department told
panylng atticle, For example, the In- them they needed “a smoke detec-
diana Dunes tests showed that hav- tor”™ to be safe, and they thought that
ing a smoke detetector on every floor meant only one detector.
level provided 3 minutes’ warning In
89 percent of the experiments. But A cufl to action .
they also showed that & single:  We must make sure the message we
smoke detector outside bedrooms deliver to the public is the right one:
‘provided 3 minutes' warning in only The absolute méntmum -number of
35 percent of the experiments, That smaoke detectors needed in every
is why NFPA T4 requires smoke de- home {s one outside each separate
tectors on every level as & mind-  gleeping area {n the {mmediate vi-
, mum. (ltalics raine.) -cinily of the bedrooms and one on
All 00 often, fatal fires that ocour - each additional level of the family

50

" than one floor distant from the bed-

rooms cannot be heard In those bed-
rooms. -

They siso should be sware that n
detector with & battery that Is dead
or missing, even for & few days, slso
s worthless. By replacing the batter-

“les at least once & year, theyll sl -

The small lvestment of ime and
money spent replecing a battery can
prevent a family tragedy.

Jonuary/Februory 1993 NFPA Joumal
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et were cepotted o be
fous.”

Test 2 involved an ovecheating electric
motor in the kitchen. Five smoke detec-
tors operated during the test, but no heat
tletectors activated. No comments were
recorded on condidons in the home at
the time the detectors activated.

Test 3 involved an overloaded electric
cord under an upholstered chair in the
living room. Four smoke detectors oper-

“yuite nox

.ated at times ranging from | minute 15

seconds to 12 minutes, and five heat
detectors activated—{our at {3 minutes
and one at [5 minutes.

The report states that “Observers
noted that when the first (smoke) detec-
tor operated, the living room was still
tenable, but during the next 10 minutes
(before the first temperature-sensitive
detector operated), the smoke became
unbeurable”

Of special interest is the comment that
“Besides the detectors shown in the dia-
grams, & spring-wound fixed-temperature
device had been placed in the living room
for test 3. That device operated 14 min-
utes after the arc.” (The time that the
cord began arcing was taken as the time
of fire ignition) Thus, the spring-wound
heat detector located in the room of fire
origin did not respond until several min-
utes after smoke conditions in the living
room were considered “unbearable.”

The fourth test involved a grease fire in
the kitchen. The smoke detector in the
front hall operated first. It was followed
1 minute later by the rate-of-rise heat
detector adjacent to the stove in the
kitchen, and then by the smoke detector
in the rear hall 15 seconds later,

The final test involved a fire In a plastic
wastebasket filled with trash in the
kitchen, below the draperies. A smoke
detector In the rear hall operated first, at
1 minute. It was followed by the smoke
detector in the front hall at 3 minutes and
by the rate-of-rise detector In the Kitchen,
the room of fire origin, at 3¥; minutes.

These wsts were (.he first w de_mon-

TABLE Y

Test Resulis

Yest Fire
Chair
Mattress
Chair

Test Bullding
3 room, 1 story
3 room, 1 story
3 roor, 1 story
3room, 1 story Mattress
6 room, { story Chair
6 room, I story Sofa
§ room, I story Chair
5 room, 1 story Fiber druny
trash

9 10 room, 2 story Chair
10 10 room, 2 story Chair
11 10 room, 2 story Box/trash
12 10 room, 2 story BoxArash
13 10 room, 2 story Chair

-
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Mechanically powered heat detectors
strollarly were improved to increase their
sensitivity and reaction time; spacing was
increased to 30 feet, 50 feet, and eventu-
ally to 70 feet.

By the time the experiments discussed
in this section were conducted, at mid-
decade, the performance of the heat de-
tectors and smoke detectors used in the
tests was significantly improved over
those used in prior tests and was essen-
tially equal to that of current devices.

The 1874 edition of NFPA 74 was the
first to recognize the potential benéfits of
having fewer than one device in every
room. This standard contained a contro-
versial system of “levels of protection™

In this system, the minimum level—
level &—required a single smoke detector
outside bedrooms and one at the top of a
basement stairway, following the earller
recommendations of - McGuire and
Ruscoe. The maximum level—level
1~tequired & traditional heat or smoke
detector In- every room and a smoke
detector outside bedrooms. The contro-
versy related to the fact that levels 2
through 4 were based aolety o the judg

Smokeo Detoctor  Heat Detector
Acttvetion Thme  Adivetion Time

None present 119 min.

None present Did not activate
None present 84 min.,

None present 95 min.

38 min., 46 sec. . Did not activate
6 min, 40 sec. 64 min, 40 sec.
25 min 2 hours, 8 min.
6 min. 6 min

21 min 1 hour, 40 min.
48 min. Did not activate
Did not activate . 1 minute

Did not activate 3 minutes

1hour, 40 min  Did not activate

ture with a 350-square-foot (32.4-square-

" meter) floor area, and a five-room, single-

story house with a 485-square-foot (45-
square-meter) floor area.
- As In most Japanese houses, each
room was closed off from the rest by
doors because of the lack of central
heating. The same situation is present In
older houses in the United Kingdom, for
the same reason. Fixedtemperature
(140°F, 60°C), heat detectors, rate-ofrise
thermal detectors, and smoke detectors
were provided in every room.

Ten experiments were conducted and
the following conclusions were made:

“1. The difference in operation times
between a heat detector and 2 smoke
detector is mainly dependent upon the
time lag In smoke production snd
temperaturerise. For example, in...de-
tecting a fire due to an ofl stove, there is
no time lag in operation time between a
smoke detector and a rate-of-rise type/
Class 2 spot detector, while a fixed-tem-
perature type detector takes much time
to respond. -
#2. It 13 desirable to provide detectors.
(on]umom—eo—mombasism(allapanese

oazed mthe roomofodginconsis
tently operated before hest detectors—in
these tests, the more sensitive rate-ol-tise
type detectors—that were in the room of

JSire origin. (Italics mine)
Detector tedinol and
standards during 1970s

By the start of the 1970s, the technology
of residential fire detection was changing
rapldly. About 1965, the single-station,
ac-powered, photoeleciric smoke detec-
tor was developed, but it was not effec-
tively marketed until the sppearance of
battery-powered fonlzation-fype devices
in 16869 and 1970. Problems with the
response of the early smoke detectors
were belng recognized and corrected.

NFPA Journal January/February 1993

twts were performed. '

To resolve these concerns, the Na-
tional Bureau of Standards (now the Na-
tional Institute of Standards and Technol-

ogy) coniracted with the IT Research.

Institute (IITRI) and Underwriters Labo-
ratories to conduct a thorough study.
This became known as the Indlana Dunes
Study, which will be discussed In the
next gection.

Studies condudted

during the 19703

In 1974, the Japan Housing Corporation
(JHC) sponsored x study of fire detector
performance In vesidences® Tests were
carried out In two typleal Japanese dwell-
Ings: a threeroom, single-story stnic-

\o[{u\e}nremﬁommeﬁremomto

ancther {room)] may be largely delayed

-due to many pardtions such as sliding

doors and transoms particular to the
Japanese dwellings.

“3. From the viewpotnt of 3:&13« for
human fife, amoke detectors are naturally
deslrable. However, [because of] the pos-
sibilities of false alarm, i Is recommend-
able to svold the use of smoke detectors
{in] kitchens snd bathrooms. Since there
are many, but relatively narrow, rooms in
2 Japanese dwelling house and it &s im-
practicable to provide every room with
smoke detectors on aecount of economy,
it is iso recommendable to provide the
rate-of-rise type/Class 2 spot detectors
primarity and the fixed-temperature type/
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speciad class [detector] with [a] nominal
operation temperature of G0°C second-
arily.

“4. Rooms in 2 JHU apartment house
from which fire detectors are allowed to
be omitted on account of construction
cost are {the] toilet room and bathroom,
where there are few sources of ignition.
And if it is] provided with {a] self-closing
doar, the vestibule is also included in the
above-mentioned category.”

At about the same time, ITR] and UL
were beginning their tests in the United
States in three houses scheduled for
demolition as part of the expansion of
the Indiana Dunes National Lakeshore
Park.

In all, 76 experiments were performed
in two phases of testing®” Both photo-
electric- and ionization-type smoke de-
tectors were installed in hallways—to
correspond Lo the level 4 requirement of
the 1974 edition of NFPA 74—and in the
room of fire arigin, so that a “smoke
detector in every room" system could be

evaluated. Since the Dunes tests are well-
known and were heavily reported, { will
not suwimmarcize them here,

Heat detector performance was judged
by thermocouple readings taken at the
smoke detector locations in the room of
origin. In tests performed the first year,
activation was presumed to occur when
the thermocouple read 150°F (66°C), but
both spring-wound and gas-powered 50-
foot-rated devices were used in tests the
second year in response to complaints
from the heat detector industry.

Three of the reports’ eight conclusions
relate to the comparative performance of
heat and smoke detectors:;

“l. A residentlal smoke detector of

either the lonizatlon or photoelectric
type with {2} small time lag would pro-
vide more than adequate lifesaving po-
tentia! under most real residential fire
conditions when properly installed. . ..
“3. Fixed-temperature (135°F, 57°C) or
rate-of rise heat detectors in the room of

fire origin provided little lifesaving poten- .

tial. These detectors failed to respond to
a miajority of the fires, and when they did
respond, they were considerably stower
than smoke detectors focated {at aj re-
mote [distunce} from the fire,

“5. Response time of detectors on the
secand floor for first-floor fires should be
considered inadequate. Thus, it would
appear that NFPA 74 should be revised to
require at least one detector on each
level of the residence.”

After the results of the first year’s tests
were published, a Massachusetts advi-
sory board performed an Independent
analysis of the data to support proposed
state legislation requiring residential de- .
tectors.” In this analysis, a desired escape
time of 3 minutes was assumed—be-
tween the time the detector alarmed and
the time conditions were considered Im-
passable anywhere along the primary
egress route within the house. Escape
through windows was not considered.

The petformance of various detector
arrangements was. tabulated. The advi-

Excerpt From NFPA 550, Firesafety Concepts Tree

Firesofely objectives

Do R F IR Nt AR L R L

e 3 o
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Automatic Sprinklers Are Needed, Too

Russell P. Fleming, P.E.

utomatic sprinklers are heat de-

tectors and are recognized as
alarm-initiating devices In numerous
bullding and fire codes. But by no
means should automatic sprinkler
protection be equated to heat detec-
tion in terms of thelr overall impact
on fire safety.

Like a heat detectar, a sprinkler
usually can be expected to respond
at a later point of fire growth than
2 smoke detector. Once it has re-
sponded, however, an automatic
sprinkler begins to fight the fire. Wa-
ter from the sprinkler is expected to
suppress or control the fire, reducing
the rate of heat release and prevent-
ing the rapld development of unten-
able conditions.

In most studies comparing the rel-
ative effectivencss of smoke and
heat detectors, success is measured
by the ability of the detector to pro-
vide several minutes of warning be-
fore untenable conditions develop.
While heat detection alone might fail
in many of these Instances, hesat de-
tection combined with automatic
suppression generally would suc-
ceed, since the development of un-
tenable conditions is precluded.

Tt i3 not surprising that in the past,
some studies concluded that heat
detectors alone might provide al-
most no escape time, especially in

sory board found that a smoke detector
on every level provided the desired 3
minutes of escape time in 89 percent of
the experiments, compared to 11 percent
for a heat detector In the fire room—in
effect, a detector In every room.

The clear and decisive results of the
indlana Dunes tests and the analysis of

fast-developing fires. During the res-
idential sprinkler development pro-
gram in the late 1970s, it was found
that sprinklers protecting typical
restdential fumishings often acti-
vated just as the heat-release rate of
the fire was beginning a dramatic
exponential increase.

In freeburn testing of the uphol-

stered-fumiture comer  scenario, "

used a5 the basts for the residential
sprinkler program, the convective
heat-release rate of the fire was
about 10,000 ‘Btu (176 kW) per
minute 2 minutes after ignition, but
it increased to 200,000 Btu (3500
kW) per minute within 1 additional
minute.! This Is basically the differ-
ence between the buming rate of a
trash-basket fire capable of activat-
ing a fast respensa sprinkler and the
burning rate of fully involved uphol-
stered furniture capable of causing
flashover in & small room.

The difference between detection
alone versus combined automatic
detection and suppression is clearly
demonstrated in NFPA 650, The
Firesqfety Concepts Tree, in which
the box labeled “detect fire” and the
box labeled “apply sufclent sup-
pressant™ must connect an
“AND" gate to reach the box labeled
“automatically suppress fire.” Auto-
matie sprinklers combine those two

poration performed another set of exper-
iments that examined the performance of
detectors In spartments.!' The apart-
ments were In hightise buildings, al-
though the height of the buildings had no
impact on the results,

The test geometry consisted of a one-
bedroom, 763-square-foot (70-square-

the Massachusetts report resulted In

wiv Sea-l

required stoke detectors on every level
as the minimum requirement. Similar re-
quirements subsequently were sdopted
in nearly every state and in many cities
and countles in the United States, as well
as In other countries.

After the first Dunes report was pub-
lished, the experimental design and the
test results were questioned in a Fire
Journal article by EL Gallagher?® who
represented the heat detector industry

a trade assoclation, the Fire
Equipment Manufacturers Assoclation. A
rebuttal by the National Bureau of Stan-
dards appeared In a subsequent issue of
Fire Journal®®
In 1874, Factory Mutual Research Cor-
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and photoé!ectric@pe detectors
and fixed-temperature (135°F, §7°C) and

rate-of-rise heat detectors were used. The -

performance of the detectors was judged
in 19 experiments on thelr ability to
pravide 2 minutes of warning before ten-
ability criteris in the spartment were
exceeded, )

Pertinent conclusions reached in this
study Include the following:

“2. The lonkzation detector performed
adequately In the protectable flaming fire

starts and, In general, Inudequately In the |

smoldering fire starts *

“3. The phatoelectric smoke detector

did not perform adequately anywhere in
the protectsble flaming fire starts, but

elements successfully and achieve
automatic fire suppressiorn. From
that point, the route to the fire safety
objective consists solely of “OR™
gates. When you “sutomatically sup-
press fire,” you proceed to “suppress
fire,” “manage fire,” and

fire impact” and reach the *fire
safety objective” at the top of the
tree, .
Without -automdtic sappresaion,
the “detect fire” box must be Hnked
through an “AND" gate with “com-
munjcate signal” “decide action,”
“respond to site,” and “spply suft-
cient suppressant” in order to reach
the “manuslly suppress fire” box.
Each of these additional steps takes
time, and during these crucial min-

_utes the fire can easily grow to
_ deadly proportions.

With & jroperdy designed, in-
stalled, and malntained sutomatic
sprinkler system, the fire s quickly
controlled or achieving
&\eﬁmsafetyobjecdveofpmtecﬁng
life and property.

LBG. Heat Briesse Propertics for
IWMMWMW' Fac-
::SYS.MM Resesrch Corparation, December

Russell P, Fleming is vice president
of engineering et the National Fire
Sprinkler Association.

was adequate almost everywhere In the
apartment in the smoldering fire starts of
tong duration, -

“4. Both detector types petformed ad-
equately, by a wide margin, in the kitchen
fires when located close to the fire. How-
ever, those detectors located at remote
locations

Fespond

o. Neither of the heat detectors per-
formed adequately, regardless of the fire
and detector locatlon.”

In 1978, the Minneapolis Fire Depart-
ment conducted & serles of experiments
to examine the performance of sinoke -

.and heat detectors In residences.' The

test house was a four-bedroom, two-story -
dwelling with 2 basement. Smoke detec-

tors and heat detectors (135°F, 57°C),
were located on eath floor level, near the
central stalrway. Elght tests were cot-

‘ductcdei!hﬂres'!nwmmomson

each floor. - o

The conclusions of the investigators
included the following:

“Heat detectors alone should not be
relied upon foc early life safety warning

5



i any area or room ‘in the home.

“...both ionization and photoelectric
types of smoke detectors gave good early
warning of lethal conditions in the area
of the detector, but are affected by barri-
ers that prevent smoke travel {closed
doors) and bad locations (dead-air
spaces, ete,).” :

In 1979, the Australian Department of
Housing and Construction published a
Teport on a series of four detector exper-
Iments conducted In a three-bedroom
brick cottage.!* Both jonization- and pho-
toelectric-type smoke detectors and ther-
mal (fixed-temperature, rate-of-rise) de-
tectors were used.

Regarding the performance of the ther-
mal detectors, the report stated that
“Generally, the performance of thermal
detectors in this type of fire environment
showed them to be Ineffective in provid-
Ing tme for occupants to move before
escape paths become untenable. In the
first three tests, the detectors either
failed to operate or aperated only after

procedures had com-
menced and the house was thoroughty
smokeJogged.”

On the performance of the smoke de-
tectors, the report concluded that “The
sensitivity of ell the domestic smoke de-
tectors tested was sufclent to trigger
[an] alamn before escape paths became
untenable ”

Aﬂmlsmmuequalinscopetothe
Dimnes tests, was conducted by the Los
Angeles Fire Department in 1878, but it
was not published unt] 1983.15

'Imssmdy,otta\refetredwasme
California Chiefs' Tests, has an interest.
ingthtory.AnerdteazﬂclebyELGa}-
lagher was published, Gallagher decided
to organize his own tests to prove his
pog:ts of comené'ion with the Dunes tests
and, presumably, to demonstrate the
value of heat detectors, He sought the
assistance of the California Fire Chiefs'
&xodxﬁon, which

e

ies conducted in four countries over a
20-year period in which 206 expetriments
were reported. All the studies were con-
ducted to evaluate the performance of
residential heat and smoke detectors in
providing life safety for the occupants in
residential fires.

All 206 experiments were real-scale

tests in houses or apartments, and most . . 5

of them used actual items—upholstered
furniture, mattresses, wiring, motors,
trash, etc.—as the fire source. All the
tests used standard heat and smoke de-
tectors installed in typlcal locations in
the test houses, All the detectors were
available for purchase at the time the
tests were conducted, and all were calj-
brated to alarm at levels of heat and
smoke consistent with devices available
In stores,

All the studies presented conclusions
that were essentially {dentical:
® When either lonization or photoelec-

tric smoke detectors are located outside .

the bedrooms and on each level of a
house, they provide adequate warning to
allow the occupants to evacuate through
their notmal egress routes in most resi-
dential fire scenarios; and

¢ Even when heat detectors are located
In the room of fire origin—In effect, re-
qulringaheatdetectothevexymom—
they do not provide adequate waming in
most fire scenarios.

In every case where the reports elabo-
rate .on where a heat detector might be
used, they state that heat detectors
should be used only In kitchens or other
areas where smoke detectors cannot be
used, such as garages and attics. Thesa
comuments are identical to the current
requirements in NFPA 74 regarding heat
detectors,

An international literature search for
publications dealing with the subject of
fire detection systems was recently com-
pleted.!® This review identified 075 cita-
tions, 100 of them. in forelgn

eventually conducted
tests, essentially touowm;oGaﬂagh- - that
T ——ersrecommendationy—

o of-fure 100

- A three-bedroom, one-story test house
and & two-bedroom, two-story test house
were obtained in an srea being razed for
the emggn of 2 runway at Los Angeé?
Alrport. houses were completaly fur-
nished, down to dishes In the kitchen and
toothibrushes in the bathrooms.

In %expeﬁments were conducted,
from the following concluslons on
detector relisbility were drawn:

'~ “4.5moke detectors (lontzation or pho-
aoelecmc) are ea?b?m rellable than heat
etectors as warning devices for
dwelling fires.
“6. Heat detectors alone may provide
no escape tme.”

This article reviews 10 independent stud-
84

which only smoke

detectors were test-
“ed'"—were published In the open inter-
national literature that dealt with this
tople. ]

Editor's note: The conclusions pre-
sented In this article regarding “heat-
activated devices” were hased on the
tests of detectors, not sprinklers.

* s o &

LR.W.WMNHJMMM
Fire Detoction Literature

es,,
were published In the past 15 years,

2. JH. McGuire and BE Buscoe, The Value of
Fire Deteciorin the Home, Flre Study No. 9, Nadahat
Research Councll of Canada, Divislon of Bulldyy -
Research, Ottawa, Ont, Cinada, December zssz:,

3. "Fire Detection Systams in Dwellings—Los Au.
geles Fire Depertment Tests,” NFPA Quarterty, Vol
56, No. 3 (January 1963), pp.201.215.

4 "Home Fire Alarm Tests,™ Fire Journol, Yol
65, No. & (July 1971), pp. 10-15,

sources,
18-22, 1978, Tokyo, Japan, Fire Detection, Vol 6, pp.
1186, L

6. RW. Bukowski, TE. Watermun, aid WJ. Chris-
tian, Detector Semsitivity and Siting Requirewents
Jor Dwellings, NBSGCR TS61, Nations! Buresu of
Sundards, 1075, 343 PR Available from National
Techalcat Information Services; order mo. PR24TASY

7. SW. Hupe, T.E Waterman, snd WJ. Christian,.
Detector Sensitivity and §i ng Requirements for

8. Rexford Wilson, Computer Analipets of Dt on
MWAW/WW&XM&
mwmmm&m
Board, Commonwenith of Massachuseita, Bostos,
Mass, 1978,

8. EL Gallsgher, “FEMA: NBS Texts Do Not
Rcﬂectkcdlty,ﬁnlmd, Yol T1, No. 2 (March
1670, pp. 10, 3341
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Keeping the Smoke Detectors

Operational:

The Dallas Experience

As has been verified repeatedly by na-
tional and Jocal fire experience, effective
use of smoke detectors reduces toss of
life and property. Conversely, ineffec-
tive use or the absence of smoke detec-
tors jeopardizes lives in g fire. These
facts have been further validated by a
four-year fire prevention education and
smoke detector distribution project con-
ducted by the Dallas, Texas, Fire Depart-
ment from 1983 to 1986.

With funding from the City of Dallas’
Community Development Block Grant
provided by the United States Depart-
ment of Housing and Urban Develop-
ment, the fire department supplied and/or
installed battery-powered jonization
smoke-detectors at no cost to the occu-
pants of 12,743 residences in 14 census
tracts in which there was a high incidence
of fire. This project concentrated
selected fire prevention resources in spe-
cific neighborhoods for maximum possi-
ble contact with the residents (see Table
1.

During the first year of the project, the
fire department chose to concentrate on
four census tracts that contained approxi-
mately 4,400 owner-occupied and
tenanted residences in three different
sectors of the city. The department
selected these particular tracts because
the incidence of fire in them during Fiscal
Year 1980-1981 was significantly great-
er than the citywide average: The com-
bined rate in these four tracts was 1,18

Willtam Jernigan, Ph.D.

Dallas resident Martha Sims (center) receives a
smoke detector from Dallas Fire Department
representatives Kim Gawlik (lef) and E. J. Davig
(right).

Dr. William Jemigan is s public sdministcator with the
Daliss, Texss, Fire

fires per 100 homes, compared with 0.60
fires per 100 homes throughout Dallas.

The grant criteria also ensured that the
residents of these tracts would be highly
untikely to have existing smoke detector
protection. They belonged to low- and
moderate-income or single-member
houscholds; were renters, inner city resi-
dents, or ¢lderly: or betonged to racial
minorities. National surveys in the late
1970s revealed that less than half such
households had a workable smoke detec-
tor on the premises.

In the three succeeding fiscal years,

census tracts with comparable residential .

fire experience were selected forthe fire
prevention and smoke detector contacts.

The 1983~1984 project covered three
tracts with an estimated 5,400 eligible
residences; 19841985 covered five
tracts with an estimated 4,500 resi-
dences; and 1985~1986 covered two
tracts with an cstimated 500 residences.
During this period, owner-occupied
dwellings received priority because all
rental housing in Texas was required by
statute to be equipped with a smoke de-
tector provided by the tandlord as of
September 1. 1984

“The continuing fire problem in census
tracts meeting the grant’s household

income criteria was evident in the annual

reports of fice incidence. From 1982
1983 through 1985-1986, 70.6 percent
of those tracts eligible for the granthad 2
fire rate that exceeded the citywide rate.
In fact, 77 of the 109 eligible tracts had
rates greater than the 0.558 fires per 100
homes experienced throughout the city.
[n each of these four fiscal years, the
fire department tried to reach as many
residents as possible in the targeted
neighborhoods. An initial mailing in
both English and Spanish described the
need for smoke detector protection. en-
couraged firesafety awareness, and an-
nounced & forthcoming visit by a fire
department representative. Then a uni-
formed fire prevention officer wentto

' The statute was sllent oa the maimenance of smoke
detectocs. Neither the Landlord nor the teaant was specified

33 obliguied to replace & depleted battery. aod the tandlord

is exempred by the siriute from such an obligation during
the ierm of the tenant’s occupancy. (Vernon™s Texas
Codes Annotated. “Property Code.”™ Sections 92,251
througl\.ﬁ.}bz. )
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cach home in the area to offer to provide
and install a detector.

While at each residence, the represen-
tative took note of the firesafety meas-
ures the residents were already practicing
and recommended needed changes. Rep-
resentatives also gave each resident a
pamphilet published by the fire depart-
ment that stressed the importance of
installing and maintaining smoke detec-
tors and that recommended other resi-
dential fice prevention precautions.

Using these procedures, the fire de-
partment supplied a smoke detectorto 85
percent of the qualifying resideaces in
14 ceasus tracts during the four years the
project was conducted. Some homes
were given two detectors to ensure
caverage of all sleeping rooms, In all,
14,290 smoke detectors were provided

and/or installed.

Analysis of the Project .

In its 1986 project, the fire department
mailed a bilingual detector malatenance
reminder to each of the 12,743 homes
that had received a detector in previous
years, thea randomly surveyed approxi-
mately 20 percent, or 2,528, of those
homes.

According to the survey, 66.3 percent
of those 2,528 residences had an opera-
ble smoke detector that had been pro-
vided either by the fire department or’
another source, such as the resident or
the landlord. The survey also found that
55.7 percent, or 1,408, of the residences
had an operable detector from the fire
depactment, while 17.6 percent, or 445,
of the dwellings had a detector from
another source. Another 4.7 percent, or
119, of the homes surveyed had received
operable detectors from both the fire
depantment and another source.,

In 270 of the residences surveyed, the
installed detector was inoperable, and
detectors were actually missing from
850 of the dwellings (see Table 2). Pre-
sumably, occupants of 75.9 percent of
the homes had deliberately removed the
entire detector unit, while the remainder
had removed the battery, often before it
became depleted.

- Random interviews provided varying -
explanations forthe removal or lack of
maintenance of the detectors. Some
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people considersd them a nuisance be-
cause they occasionally reacted to non-
hostile combustion, such as smoke from
frying, grilling, cigarettes, or cigars.
Others described the low-battery indi-
cator — an intermittent chirping of the
alarm hom — as an annoyance, They
removed the expiring battery but failed
to install a fresh one.

This detector usage pattern was con-
sistent with a national survey of residen-
tial protection performed the year before
the Dallas project began. The study,
sponsored by the Federal Emergency
Management Agency (FEMA), esti-
mated that two-thirds of residences
nationwide had smoke detector protec-
tion.?

Acquiring 2 smoke detector is an

essential solution to reducing the vul-
nerability of residents of inner city neigh-
borhioods to fire, However, itisnota
permanent solution. Once a detector has
been installed, it must be properly maia-
tained if it is to continue operating, and
such maintenance is the resident’s re-
sponsibility.

Among residents receiving smoke
detectors through the Dallas project,
motivation to maintain the unit varied

2 Residenticd Smoke and Fire Detecior Coverage ln the
Unised S1ates: Findings from o 1982 Survey, Fedenl

. Emergency Mansgenwent Agency, Washingion, DC,

82, p.

Rﬂt w:;v engendering macivaion to malntain smoke
detectors as life-saving devices has boen well documented .
fa naticas] publicstons. See, for example, Joan L. Gaa-
carski and Tom Timoacy, "Home Smoke Detector Effec-
dvenest,” Fire Technology, Vol. 20 (November 1984).

pp. $7-64.
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and was informally correlated with the

ownership status of the resident, Home- -

owners were found to have an operable
detector at a rate of 63.9 pereent, while
tenants maintained their detectors ata
rate of 40.0 percent. The pattern of great-
er attention to detector maintenance by
owners is evident in Table 3. An exami-
nation of the percentages of operable
smoke detectors over time indicates the
residents’ failure to maintain the units.
There appeared to be no significant
patiern in the maintenance of the detec-
tors provided by the project based on
ownership status, In comparing the ’
three-year-old installations with the two-
year-old, for example, the operability -
percentage increased at a greater rate for
tenant-occupied residences thanthey did
for owner-occupied dwellings. How-
ever, the reverse occurred between the
two-year-old and one-year-old units,

A At p
T R e
e LT a2 g

Among detectors acquired from a source
other than the fire department, ownership
status did not indicate any motivation to
kesp them in operating condition, either,
The low percentage of rental resi-
dences with an operable detector may
suggest that the 1984 Texas statute on
detector installation was not being ob-
served, If detectors had been installed by
landlords pursant to the statute, there
would presumably be a higher rate of
operable detectors in rental residences.
Butonly 15.5 percent of such homes had
‘an operable detector from & saurce other

-than the Dallas Fire Department.

Typically, landlords would expect 2
tenant to replace depleted batteries.
However, motivation to do'so was found
to be low among tenants. Futher indics-
tive of the fack of tenant motivation to
acquire smoke detector protection is the
fact that only 2.0 percent of the rental

| experience data and individual fires.

“fire, benefit may be inferred through

residences surveyed had operable detec:

tors provided by both the fire department

and another source. Just 17 renters main-
“tained the fire department detector and

acquired a detector from another source. |

One of the project's achievements was
an increase in residents’ awareness of
fire prevention and smoke detector pro-
tection. Anestimated 5,800 residences
could be assumed in the summer of 1986
to have an.operable detector as aresult of
this project. This estimate is based on the
survey finding that caly 15 percent of the
residences participatinig in the project
had an operable detector from a source
other than the fire department. Indeed,
the vast majority of residences did not
have a smoke detector when the fire de-

‘partment originally contacted the occu-
pants. Presumably, residents lacked the
knowledge and motivation to acquire
their own detectors. ©

Fire Experience ln

Project Neighberhoods

The impact of the Dallas Fire Depart-
ment's project can be assessed from fire

Assuming that an operable smoke
detector alfows more timely control of 2

reduced propeaty loss, and data collected
for single-family residences do indicate
a favorable pattern in the reduction of
property loss. According to Table 4,
there was & drop in total property loss in
single-family residences, inloss per fire,
and in the percentage of thie city’s tatal
single-family residential loss for fires in
the 12 selected census tracts from Fiscal
Year 1983-1984 through Fiscal Year
1985-1986. ‘

Other specific patterus were also
noteworthy. In the spring of 1983, the
Dallas Fire Department contacted an
estimated 93.4 percent of the residents in
Census Tract 36 and provided them with
detectors. Duripg Fiscal Year 1982~
1983, seven fires with an average lossof
$7.260 had occurred in single-family
residences. During the following fiscal
year, the same number of fires occurred,
but the loss per fire declined by 8.6 per-
centto $6,637.

More significant decreases occurred

AR

in the two subsaquent fiscal years. From
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1983~1984 to 19841985, the number
of single-family residential fires de-
creased from seven to three and the loss
per fire dropped to $2,008. Andin 1985~
1986, only one single-family residential
fire occurred, with 2 loss of $4,000.

In Census Tract 57, smoke detectors

-were provided to residents in the summer
of 1985. In the following year, single-
family fires declined by 53.1 percent,
from 3210 15, and the property loss by
62.1 percent, from $226,000 to $85,500.
Among the 14 tracts in which detectors
were provided, Census Tract 57 was
unusual in that both one-time central
distribution and door-to-door contacts
were used, On June 15, 1985, persons
from 316 dwellings came to a publicized
location to receive a smoke detector.
The fire department then contacted the
‘other resideqts of the tract to achieve an
estimated 69.8 percent distribution in
the neighborhood.

Fire experience data for a group of
census tracts also indicate positive
trends. For example, detectors were in-
stalled in three census tracts in the spring
of 1984, During that year, 84 residential
fires occurred in those neighborhoods.
In the following year, 76 fires occurred.
This decrease was attributed to fewer
multifamily housing fires.

Interviews with those affected by fire
were also used to evaluate residential fire
experience in the project neighborhoods.
As fires occurred between 1983 and
1986, project pecsonnel obtained infor-
mation from the victims and from the
formal fire department investigation re-
ports, Respondents to the 1986 survey
were also asked whether theéy had experi-
enced fires in their homes afterrecelving
their fire department smoke detectors
and whether they were aware of any fires
in their neighborhoods.

Typical of the incidents in which
smoke detectors distributed by the fire
department provided early waming was
a fire in an old two-story, single-family
home on May 16, 1984, Two sdults and
nine children were asleep on the second
floor of the house thatmorning, Another
adult, 2 woman, had risen at about 6:00
am, but had subsequently returned to
bed. At6:22, however, she was alerted
to 2 fire in an unoccupied room on the
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These are the areas in which the Dallas Fire Department conducted its

. smoke detector distribution program.

first floor by the first-floor smoke detec-
tor. The woman and another adult alerted
the remaining occupants, all of whom
escaped through the rear of the house.
In an interview conducted after the -

fire, the sdults said that by the time they

were awakened by the alarm, the fire

was extensive and that without the smoke
detector waming, the children asfecp on
the second floor might not have escaped
safely. The cause of the fire wasan over--

loaded electrical extension cord, and tticv

loss was estimated at $7,000.

Another such incident occurred in an
old single-family house at 12:03 on the
afterncon of June 17, 1984, when an
elderly man left food cooking unattended
on the kitchen stove while he went into
another room. He was alerted to the fire
by the smoke detectorand retumned to the
kitchen to discover that fiames had al-

ready spread into an adjoining room. He -

rushed to a froat room to find his wheel-
chair-bound wife and was able to move
her to safety. Property damage in this
case was estimated to be $22,000.
“On'November 21, 1985, still another
family escaped death and injury thanks
to its smoke detectof when a fire of elec-
trical origin spread from the bathroom
throughout their old single-family resi-
dence. The smoke detector sounded

“around §1:47 pm, and all thie slecping

occupants except two pet dogs escaped

. safely asthe house became fully charged

with smoke. The estimated loss was
$2,000. .

~ Even if residents did not receive a
smoke detector from the fire department,
the department’s project often had an
impact on their awareness of fire preven-
tion precautions.

For example, the fire department was

unable to provide the resident of one
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A new special study recently re-
leased by the NFPA Fire Analysis
Division estimates that one-third of
home smoke detectors in the United
States are no longer operational. A
definlte trend toward growing prob-
lems with non-operational detectors
could leave half the homes with
detectors unprotected in less than a
decade, N
The study, “When Detectors
Don't Operate — A Growing Prob-
lem,” combines new analysis as-
sumptions and calibration with local
special studies to reanalyze the na-

One-Third of Home Detectors Don’t Work

- performance. The report also in-

tional fire incident data on detector

cludes information on detector use
and performance outside the home.

The study is available to NFPA
members for $15.00, to nonmem-
bersfor$16.50, and to the fire serv-
ice for $9.00 from the NFPA Fire
Analysis Division, Batterymarch
Park, Quincy, Massachusetts
02269. Information on many other
special studies and data analysis
services offered by the Division is
available upon request.

small single-family house with a detec-
tor, although they tried to reach her four
times. Nonetheless, her house was
cquipped with a privately acquired detec-
tor by March 2, 1983, when a fire oc-
curred in the attic, The resident had
bought the detector at the urging of her
mother, who lived elscwhere in the
neighborhood and had received one from
the fire department. Thus, whea fire
broke out in the attic, the smoke detector
alerted the sleeping occupants befoce
. smoke was even visible in the living
area. The estimated loss came to $2,500,
Unfortunately, evidence demonstrates
that residents were not always motivated
to apply firesafety procedures and main-
tain the detectors supplied by the fire
department project. This was the case in
seven fires that resulted in 13 fatalities
and at least two serious injuries. Con-
ceivably, some, if not all, of these
casualties could have been avoided if the
smoke detectors had been maintained.
The residential fire resulting in the

highest loss of life in Daliss history oc-

curred in & single-family home which
had received a fire department smoke
detector 18 months carlier, At 1:47 on
the moming of January 9, 1986, four
adults and three children were killed and
two other adults and an infant were in.
jured in a fire that started when an electric
space heater ignited a living room sofa.
The metal mounting bracket of the détec-
tor was found on the hallway wall near

the bedrooms in which the fatafities oc-
curred, but the detector itself was miss-
ing. Later interviews revealed that the
occupants had not replaced the original
battery when it expired and had thrown
the detector away,

At 4:26 pm on November 29, 1984,
another fire in a single-family dweiling
resulted in the death of 2 4-year-old boy.
The fire department had installed a detec-
tor in the house nine months eartier, but
the residents had removed it when the
low-battery indicator began sounding.
The metal mounting bracket was found
near the bedroom where the child died.
The other occupants of the house, three
adults and another ¢child, managed to
escape the blaze, which started in the
kitchen. i

Similar circurnstances existed in other
single-fatality fires in homes that were
supplied with detectors in the spring of
1983 and 1984. Fire departmient inves-
tigators found no operable smoke detec-

tor.in any of these fatal fires.

Among the victims of five single-fatal-
ity fires that occurred in 1984 and 1985
were several elderly persons. InJuly and
December. 1984, a 74-year-old woman
and an §7-year-old woman died in fires
in theic homes. And in January, Macch,

“and July 1985, residential fires killed a

76-year-old woman, g 73-year-old
man, and a 94-year-gld man, These
deaths confirm the FEMA report's
findings that the clderly ace particutarly

" mated 75 percent of the homes without

“could be assumed, based on survey data,

vulnerable to fice.?

In Conclusion

Allin all, the results of the Dallas Fire
Department project were positive, In
scores of incidents, early waming of fire
enabled occupants to discover the fire
quickly, escape withaut death or injury,
report the fice, and minimize property
loss.

In addition, owners’ and tenants’
motivation to nizintain smoke detectors
‘was marginally higher after the project
than it was presumed to be before the
praject. The follow-up survey conducted
in 1986 found that smoke detectors pro-
vided by the firc department were opera-
ble in 64 percent of the owner-occupied
homes and in 40 percent of the tenant-oc-
cupied homes.

Unfortunately, lives and property
were also lost during the period in which
the project was conducted. Thirteen
people perished in dwellings that had
received detectors and fire prevention
information from the firc department. In
each case, the detector had been removed
or deactivated before the tragedy. Thus,
ineffective use or the absence of adetec-
tor defeated its life-saving purpose.

in fact, there is no known instance in
which a properly installed and main-
tained smoke detector supplied by the
Dallas Fire Department during the proj-
ect failed to react to the ignition of 2 fire
that caused death or injury. Neverthe-
less. interviews suggest that, in an esti-

an pperable detector, the resident inten-
tionally removed and disposed of it.
An estimated 5,800 Dallas homes

to be protected by operational smoke
detectors at the time of the survey. Con-
ceivably, these residences would be un-
protected if the project had not been un-
dertaken. )

Smoke detectors are a simple and reli-
able means of preventing many of the
tragedies caused by fire. The challenge
to the fire service And to firesafety
cducators everywhere is motivating the
public to obtain, retain, and maintain
smoke detectors as essential life-saving
devices. o L

¢ Residentlal Smoke and Flre Detector Coverage Inthe
United States: Findings from o 1982 Swrver. p. 11-2.
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Special Article

SURVEILLANCE AND PREVENTION OR RESIDENTIAL-FIRE INJURIES

Sue Macionge, B.N., M.P.H., Grecony R. IsTRe, M.D., Mark ROSENBERG, M.D., M.P.P.,
Matinpa ReooisH-Douslas, M.P.H., FReo Joroan, M.D., PAuL SitversTein, M.D., AND WiLLIAM TuNew, M.D.

ABSTRACT

Background The majority of severe and fatal burn
injuries result from residential fires. We studied the
effectiveness of a smoke-alarm-giveaway program
in the prevention of burn injuries in an area with a
high rate of such injuries. . .

Methods We collected data on burn injuries in
Oklahoma City frarn September 1987 through April
1990. The target area for the intervention was an
area of 24 square miles {62 km?) with the highest rate
of injuries related to resldential fires in the city. We
distributed smake alarms door to door in the target
area and then surveyed alarm use and function in a
sample of the homes that had received an alarm. We
also calculated the rates of fire injury per 100,000
population and per 100 fires for both the target area
and the rest of the city before and after the smoke-
alarm giveaway.

Results  Before the intervention the rate of burn
injuries per 100,000 population was 4.2 times higher
in the target area than in the rest of Oklahoma City.
An initial survey indicated that 11,881 of the 34,945
homes in the target area {34 percent} did not have
smoke alarms. A total of 10,100 smoke alarms were
distributed to 9291 homes; 45 percent were function-
ing four years later. The annualized fire-Injury rates
declined by 80 percent in the target area during the
four years after the intervention (from 15.3to 3.1 per
100,000 population), as compared with a small in-
crease in the rest of the city {from 3.6 to 3.9 per
100,000 population). There was also & 74 percent de-
cline in the target area in the Injury rate per 100 fires
{from 5.0 to 1.3; rate ratio, 0.3; 95 percent confidence
interval, 0.1 to 0.6}, as compared with a small in-
crease in the rest of the city.

Conclusions A targeted intervention involving a
smoke-alarm-~giveaway program can reduce the in-
cidence of injuries from residential fires. (N Engl J
Med 1996;335:27-31.)
©1936, Massachusetts Medicat Socisty.

URNS are the fourth leading cause of death

from unintentional injury in the United

States and result in. 1.4 million injuries each

yearh? Residential fires cause over 75 percent
of all deaths from fires and burns.?% The southemn part
of the United States, including Oklahoma, has the
highest regional rate of death from fires (2.5 deaths
per 100,000 population)3+7; this high rate may be duc
to rural poverty, a lower prevalence of smoke alarms,
and greater use of portable hieating equipment.242 Al-
though the absence of functional smoke alarms in res-
idential dwellings is a risk factor for subsequent injury
or death, 81041 surveillance data have not been used to
evaluate whether 2 program to increase the prevalence
of smoke alarms in high-risk populations would re-

- duce firesrelated morbidity and mortality.

The Oklahoma State Department of Health made
burn injurics resulting in hospitalization or death a
reportable condition and began active surveillance in
September 1987. The purposc of the surveillance sys-
tem was to guide the development and evaluation of
prevention efforts by defining groups at potentially
high risk for bum injurics and the circumstances re-
sulting in such injury. The surveillance daw identi-
fied a target area in south central Oklahoma City
with a high rate of injuries related to residential fires.

- This study describes the use of surveillance, first to

identify the need for a community-based interven-
tion (2 large-scale smoke-alarm-giveaway program)
and then to measure the efficacy of the intervention
in reducing residential-fire~related morbidity and
mortality in a high-risk popu‘iation.

METHODS
Survelilance

Surveillance of fire-related Injuries resulting in hospitatization
in the Oklshoma City Standard Mectropolitan Statistical Arca

From the Injury Prevention Service (S.M., M.R.-D.) and the Epidemi-
ology Scrvice (G.R.L), Oklahoma State Department of Heahh, Oklahoma
City; the Natlorul Center for Injury Prevention and Control, Centers for
Discase Coatrol and Provention, Atlants (M.R.); and the Office of the
Chief Medical Examiner (F.].), Baptitt Medical Center of Oklahoma {15.),
and Childreny Hospital of Oklahoma (W.T.) — alt in Oklashoma City. Ad-
dress reprint requests to Ms, Mallonee at the Injury Provention Scrvice—

0307, Oklahoma Sute Department of Health, 1000 NE 10th, Oxlahoma
City, OK 73117-1299.

Reprinted from The New England Journal of 3
335:27-31 (July 4), 1996
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“homes without a smoke alarm, we

The New England Journal of Medicine

(all hospitals included) was conducted from Scptember 1, 1987,
theough April 30, 1994, A casc was defined as 2 bum or ‘smoke-
inhalation injury {Insernational Classification of Distases, Qb Re-
vision, Clinical Modificarion, codes 940.0 to 949.9 or 987.9) in
any person who died or was hospitalized. Fatal injuries were iden-
tified weekly from records of the Office of the Chief Medical Ex-
aminer. A case of residential-fire-related injury was defined s a
bum or smoke-inhalation injury caused by a fire in an occupied
dwelling resulting in the hospitalization or death of a resident; no
other causcs of injury {¢.g., blunt trauma or falls) were included.
For each cat 3 standard form was completed with the use of a
combination of medical-record review, interviews with patients
and their familics, and interviews with fire-department employecs;
the cpidemiologic data collected comprised demographic and med-
ical information, including contributing factors (i.c., alcoho! use
and physical or mental impairment), and the smoke-alarm status
of the residence. Completeness of the reporting of cases was vali-
dated by comparison of data from hospital discharge records, the
fire department, the medical examiner, vital-statistics files, and
newspaper clippings.

The rates of residential-fire-related injuries were calculated per
100,000 population (the number of cases as described abowe +
the 1990 US. Census population X 100,000) and per 100 fires
{the number of cases + the number of fires in occupied dwellings
according to the Oklahoma City Fire Department X 100). This
fed to the identification of the area of Oklzhoma City with the
highest rate of fire-related injurics and death. Although the muc
prevalence of smoke alarms in the target area was unknown, data
from the Oklahoma City Fire Department suggested that it was
considerably lower in the target ares than in the other residential
areas of Oklahoma City.

lmp(gmenution of the Program

According to the 1990 U.S, Census, Oklahoms City covered
621 square miles (1608 km?) and had 2 total of 444,719 persons
residing in 213,607 dwellings. The targer area was a 24-square-
mile (62-km?) section near the middie of the city, where 16 per-
cent (73,301 persons) of the total population resided in 16 per-
cent (34,945) of the dwellings (singlc- or multiple-fimily dwellings,
excluding apartments). The surveillance data indicated that 47
percent of the injurics resuleed from fires started by young chil-
dren playing with fire (“firc play™), 17 percent from fires started
by cigarettes or smoking, 13 percent from fires caused by flam.
mable kiquids, 10 percent from fires caused by a heating device,
and 13 percent from fires with other or unknown causes. This dis-
tribution varied considerably from that in the rest of the dity,

where injuries most often resulted from fires associated with heat-

ing devices (42 percent), foliowed by cocking (14 percent), cig-
arcttes oc smoking (11 percent), fire play (8 percent), electricity
and flammable liquids (6 percent cach), and other or unknown
causes (14 percent).

To determine how many smoke slarms were needed in the tar-
get area, we estimated the prevalence of smoke slarms using in-
focmation obtained by uniformed firefighters during on-site in-
terviews of 2 random sample of 5 percent of the homes (n=1615),
At cach home the frefighters requested Information on the pres-
ence and functiona! status of a smoke alarm and confirmed the
status of the alarm by inspecting it. To estimate the number of
applicd the prevalence rates
found in the survey to the 34,945 occupicd homes in the arca,
We estimated the proportion of homes with no alarm that were
reached by the intervention by comparing the number of homes
that received an alarm during the project with the estimated
number of homes with no alarm,

Homes in the target area (comprising four ZIP Codes) that did
not have any functioning smoke alarm were eligible for the lnter-
vention, The intervention involved a coalition of community
agencies and volunteers who distributed alarms door to door in
the target area between May and November 1990, Any resident
who requested an alarm could have onc instailed. All the residents

28 - July 4, 1996
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who received an alarm also received educstional materdals regard-
ing the installation and maintenance of the smoke alarms, preven-
tion of the leading causes of fires, and escape from fires. They also
signed a statement agreeing to allow program representatives to
inspect the alarm at a later date.

Program Evaluation

To determine the effectiveness of the project in reduding mor-
hidity and mortality, we calculared two injury rates for the target
arca as well as for the rest of Oklzhoma Ciry: the number of fire-
related injucies per 100,000 population and the number per 100
residential fircs. We also calculated the rate of residendial fies per
1000 homes in the target area and the rest of the city; the nu-
merator was the numbcr of fires that occurred in occupied dwell-
ings according to the Oklahoma City Fire Department, and the
denominator was the number of occupied homes accarding to
the 1990 U.S. Census.

To asscss whether the distributed alarms were installed, main-
t2ined, and funcdoning propery, firefighters conducted on-site
alarm inspections at a random sample of participans® homes 3, 12,
and 48 months afier the inital distribution,

We used Epi Info software for dan snalysis and calculations
of rate ratios. 1148 We calculated incidence-dentity ratios using
rates before and after the inteyvention with person-time denom-
inators (comparifig the number of cases oceurring per unit of
population-time — i.c., the number of person-months at risk)
and confidence intervals according to the method of Kicinbaum

Tetalw

‘ 'R.ESUL'I‘S’
Survelllance .

During the 32-month period from SCptcﬁlbcr

1987 to April 1990, a total of 66 persons in Okla-

homa City were injured in 46 residential fires (an-
nual rate, 5.6 per 100,000 population); 34 (52 per-
cent) died. The ratio of injuries per fire was similar
for the target area (1.2:1) and the rest of the city
{1.4:1). Cross-referencing of discharge data from all
hospitals, the records of the Oklahoma Department
of Vital Statistics, the Office of the Chief Medical
Examiner, and the Oklahoma City Fire Department,
and newspaper clippings revealed that all injuries
mecting the case definition were reported. When the
cases were mapped according to the location of the
firc, 30 (45 percent) occurred in the target area (Fig.
1), where only 16 percent (73,301 people) of the
population lived (annuval rate, 15.3 per 100,000
population, as compared with 3.6 per 100,000 in
the rest of Oklahoma City; rate ratio, 4.2; 95 per-
cent confidence interval, 2.6 to 6.9). The rate in the
target area was 2.6 times higher than that in the rest
of Oklahoma City (5.0 vs. 1.9 injurics per 100 resi-
dential fires; rate rato, 2.6; 95 percent confidence
interval, 1.6 to 4.5). In the tarpet area, only 4 of the
30 fatal and nonfatal injuries (13 percent) occurred
in homes with functioning smoke alarms,

Census data revealed that the target area, as com-
pared with the rest of Oklahoma City, had a lower
median houschold income, Jower property valucs,
and 2 poorer quality of housing (data not shown).
The number of persons per occupicd dwelling was
2.1 in both the target area and the rest of the city.

.
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Oklahoma City
[

3

Figure 1. Map of Oklahoma City Showing the Locatlons of Res-
Idential Fires Causlng Injury (O} or Death (@) from September
1987 to April 1850, before the Smoke—A!arm—Giveaway Pro-
gram Was Initiated.

The area targéted for the subsequent intefventlon consisted of
the four ZIP Code areas {shaded ares} of the city in which 45
parcent of the fires had occurred.

implementation of the Program

Among the 1615 of 34,945 target-arca homes
visited by firefighters in the ficst home survey, 1413
{87 percent) participated. Using data gathered in
this home evaluation, we estimated that 66 percent
of -the houscholds in the target arca had smoke
alarms. and that 11,881 homcs had no smoke
alarms,

Between May and Novcmbcr 1990, 2 total of
10,100 smoke alarms were distributed to 9291

homes in the target arca; thus, 78 percent of the es-’

timated 11,881 homes without alarms n:ccwcd an

alarm. Program representatives installed 917 of the
alarms (9 percent).

Program Evaluation

During the four years after the interveation (May
1990 to April 1694), the annualized injury rate per
100,000 population in the target area decreased 80

_pexeent {from 15,3 to 3.1; incidence-density ratio,

0.2; 95 percent conﬁdcncc interval, 0.1 to 0.4), as
comp:’arcd with a slight increase of 8 percent in the
rest of the city (from 3.6 to 3.9 per 100,000 popu-
lation; incidence-density rato, 1.1; 95 percent con-
fidence interval, 0.7 to 1.7) (Table 1),

Likewise, the injury rate per 100 residential fires

- decreased 74 percent in the target area, from 5.0 to

1.3 (rate rato, 0.3; 95 percent confidence interval,
0.1 o 0.6), whereas in the rest of Oklahoma City the
rate increased 32 percent, from L9 to 2.5 (rate ratio,
1.3; 95 percent confidence interval, 0.9 10 2.0). The -
case fatality rate in the target arca decréased from 53
percent to 33 percent, while in the rest of the city it
decreased from 50 percent to 41 percent; neither of
these reductions was statistically significant, In the
target area, none of the nine fires resulting in injury
after the intervention ‘were caused by fire play (the
leading cause before the intervention).

The annual rate of fires reported per 1000 homes
continued t0 be higher in the target area than in
the rest'of Oklahoma City during the four years af-
ter smoke-alarm distribution, although the rate de-
clined in both areas. In the target area, the rate de-
creased 25 percent, from 6.4 to 4.8 fires per 1000
homes per ‘year after the intervention; in the rest of
the city the rate decreased 18 percent, from 3.9 to

3.2 fires per 1000 homes per year after the inter-
vention.

TABLE 1. RATES OF INJUNES RELATED TO Rsémmm FIRES BEFORE AND AFTER THE JMPLEMENTATION
OF A SMOKE-ALANM—GIVEAWAY PROGRAM IN THE TARGET AREA AND THE REST OF OKLAHOMA CrTY,
' SerteMser 1987 1o Armit 1994,

. TAnGET AnEA

NG, OF FATAL  NO.  ANNUALIZED INIUKY  DNIURY RATE/

INJUNES/ of RATE/ 100,000

TOTAL RQUKIES  FIRES POFULATION
Before the smoke-alarm
9/87-12/88 11/16 326 164
1/89-4/90 5/14 by 143
Total (9/87-4/90) 16/30 598 15.3
the smoke- program .
5/90-8/91 0/3 237 L3
9/91-12/92 1/t 183 1.0
1/93-4/9¢ ’ 2/5 249 5.1
Towd (5/90—4/94) kY47 865 31
Incidence-deasity ratio (95% 0.2 (0. l-0 4)
confidence interval)t

-
Rest of Cry .
HO. OF FATAL  NO.  ANNUALIZED INJURY  INRURY RATE/

100 sesipeNTIAL INJURIES/ oF MTE/100,000 100 RESIOENTIAL

IRES TOTAL INIUKIES  EIRES POTULATION [11>3
49 13721 906 4.2 23

5.1 5/15 942 3.0 16

5.0 18/36 1842 3.6 19

1.3 5/18 858 0 17

0.5 . 9720 674 4.0 3e

2.0 10/23 747 46 3.1

1.3 24/58 2279 39 25

1.1{0.7-1.7)

*Equal intervals of 16 months are shown for comparison purposct.

1 The incidence-density ratio comparas the number of cases oceutring per person-months at risk in each group before and lftcl' the intervention.
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The New England Journal of Medicine

To determine whether the alarms were properly
installed and maintained, 3 months after the pro-
gram began fircfighters visited a random sample of
9 percent of the 9291 homes {875) thar received an
alarm; they visited 2 random sample of 60 percent of
homes (5617) after 12 months and 8 percent of
homes (749} after 48 months. The first two surveys
revealed that the alarms were properdy installed and

“functioning in over 50 percent of the homes inspect-
ed (Table 2). During the last inspection, the propor-
tion of occupants who had removed the alarm battery
or who had moved and taken the alarm with them
was higher than in the first two inspections; neverthe-
less, 45 pereent of the alarms distributed during the
program were stifl functioning four years later. Dur-
ing the four years, 182 homes that received an alarm-
in the target area reported fires to the fire depart-
ment; no injuries were associated with these fires.

DISCUSSION

Surveillance data are the foundation of the public
health approach to the prevention of diseases and
injuricsts4e; these data are frequently used to con-
duct epidemiologic studics and to identify high-risk
populations, activities, or behavior that prevention
programs could target, Although several studies iden-
tified populations at high sk for injury or death
from fire, high-risk behavior (including the lack of
smoke-alarm use), and fire sources that could be tar-
geted in prevention programs 103721 there are few re-
ports on the implementation and evaluatiori of &
program aimed at reducing fire-related injuries.2223
Although smoke alarms have been proved to be ¢f

fective in reducing the incidence of injuries and-

death from residential fires (especially fires that oc-
cur when occupants are sleeping),l*2¢ we are not

TASBLE 2. FUNCTIONAL STATUS OF SMOKE ALARMS 3, 12, AND 48
MONTHS AFTER THE SMOXE-ALARM-GIVEAWAY PROGRAM.®

3 Motitis
{N=875}

12 Mowtis 48 Mowtis

SIOKE-ALANM STATUS (N=BE17]  (Nw749)

petcent

Alarm peopedy installed and
functioning (95% confidence
interval)

Alsrm not installed

A improperdy instatied

Aliom o battery not functioning

Batterics remowed from alarm

Occupant 1o longer had the
alarm

Alarm removed from house when 4 n 15
occupant moved

[
NN s D
-
rgl- APV
-
O D N e e

*For each period, the number given Is the number of homes Mu&d
In the random sample of homes that participated in the smoke-alarmi-give-
1wy program. Because of rounding, not all percentsges tond 100.

30 + July 4, 1996

61 (58-64) 61 (50-B2) 45 (41—49)

EXHIBIT109.004

aware of any previous reports on the efficacy of large-
scale smoke-alarm—giveaway programs.

In our study, such a program reduced the inci-
dence of fire-related injuries and deaths. The pro-
gram was based on prospective, ongoing surveillance,
which allowed us to focus on an area with a high rate
of injurics related to residential fires and 2 low prev-
alence of smoke alarms. These data are consistent
with the idea that homes that are most likely to burm
are those that are least likely to have functioning
smoke alarms.’725 The 80 percent decline in the rate
of injuries in the target area after the intervention
was surprising and cannot be explained on the basis
of the smoke-alarm-giveaway program alone. Part of
the decline in injurics may. have been due to a 25
percent decrease in the number of fires per 1000
homes per year after the intervention in the rarget
area. Educational efforts, increased awareness of the
importance-and prevention of the most common
causes of fires in the home, and publicity about the
program probably also contributed to the decline in
injuries, induding the decline in fire-play-related in-
juries. In addition, the rclatively small number of
injuries during this study period could have accen-
wated the decline in injury rates.

Ecologic studics such as this have limitations,
including the unavailability of datz necessary to con-
trol for confounding variables. We think it is-un-
likely that confounders such as changes in the pop-
ulation prevalence of smoking or drinking or changes
in weather conditions were present only in the target
arca and thus caused or substantially contributed to
these results; there were no legislative changes di-
rected at such potential confounders in Oklahoma

-City during the study period.

Because we used surveillance data to pick the area
of the city with the highest rate of injury from resi-
dential fires and because of the limited period of ob-
servation, some of the decrease in the rates of fire-
related injuries may have been a result of regression

to the mean.?” This phenomenon operates in sucha

way that for any intervention, given a specific level
of program cfficacy (in this case unknown), the ob-
scrved effect will be higher if the base-line incidence
has fluctuated by chance above its long-term aver-
age. In this instance, by picking an arca of the city
that had the highest rate of fire-related injuries, we
would expect the rate to be reduced in subsequent
years, even without an intervention. However, we
believe that this phenomenon had 2 minor effect on
our results, for several reasons. We analyzed neardy
three years of data on the incidence of injury before
the intervention. The sudden, marked decline in the
injury rate coincided with the implementation of the
intervention and persisted for at least four years. We
analyzed the number of injuries per 100 residential
fires as well as per population, which should mini-

-mnize any potential bias-introduced by the variation
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in temporal trends, and the number of fires per 1000
homes continued to be higher in the target area
cven after the intervention. In addition, the type of

~ housing in and demographic characteristics of the

target arca were well known to be associated with a
high risk of residential-fire—rclated injurics, and it
seems unlikely that these factors would have changed
rapidly.

The results of this study confirm that the presence
of smoke alarms in homes helps prevent firc-related
injuries and suggest that programs to increase their
use may reduce such injuries, especially in arcas iden-
tified by ongoing surveillance as having high rates of
fires. The use of hard-wired smoke detectors or smoke
alarms with lichium batteries (estimated to fast 10
years) might lead to even greater benefit as a result
of the increased longevity of such products. Inter-
ventions that target areas with high rates of fires may
be especially efficient ways to lower the incidence of
injurics and deaths from residential fires.

Supported in part by a grant (R49/CCRH03696) from the Centers for
Discase Controf and Preventioa.
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ABSTRACT :

Since the inclusion of smoke detectors in residential fire safety plans, several
experimental studies have been undertaken to evaluate the effectiveness of the most common
types of residential smoke detectors: ionization, photoelectric, and combination. The most
notable studies are the NIST Indiana Dunes tests from the 1970s [1], and the more recent 2003
NRC Canadian Kemano [3] and NIST Dunes 2000 studies [4]. A common problem when
evaluating smoke detector technology performance from these and other studies is that the fires
and smoke sources can vary from test to test. Likewise, detector locations, test geometries, and
fire locations often vary from study to study. Due to these variations in fire growth and smoke
concentration and velocity at different detector locations, smoke detector activation times have
been comparable only for detectors used in the same test and sited at the same location.
Comparisons across a broader range of experiments and locations have been difficult at best.

This study introduces a new concept for the evaluation of the effectiveness of smoke
detector technologies. This new analytical technique utilizes a non-dimensional relative time,
where the activation time of a smoke detector in a specific test is normalized based on the
activation time of the first detector to alarm at that location in that particular test. Utilizing this
technique permits the researcher to account for different fire development times among the
various flaming and smoldering fire studies. By normalizing the activation times in this manner,
the test-specific variables no longer influence the comparison, and results from several tests can
be compared simultaneously to determine overall trends. This normalization leaves only the type
and sensitivity of each smoke detector as the relevant variables. The results of the Dunes
(1970s), 2003 Kemano, and Dunes 2000 tests have been analyzed using this new relative time
methodology. In total, 2,843 data points were analyzed in this manner.

These three fire studies were first evaluated individually. For each test, photoelectric,
ionization, and combination detectors were assigned to a group based on their placement in the
building. For example, all of the detectors on the ceiling of a certain room were considered one
group. Typically, each cluster contained a variety of detector types, although there were
occasional exceptions. The first detector in each group to react to the test fire was noted, and
each individual detector’s relative time to activate was then found by dividing its absolute
sounding time by the absolute time of the first detector to sound in that particular group:

t
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Utilizing this methodology, the detector in each group that first activated will have a relative
time of one, while the group’s other detectors will have relative times exceeding one. By
looking at the relative time of each detector instead of the absolute time, results from several
studies and tests can be compared while eliminating differences such as fire growth rate or
detector location. Thus, instead of examining the performance of any one detector, the relative
performance of a detector compared to other detectors under the same conditions is examined.
For example, the relative tlmes from a specific smoldering test from the Kemano study are
shown below as Figure 1.
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Figure 1. Relative time results for a smoldering fire that transitioned to flaming (Kemano [3] Test 12).

After each test from these three studies was analyzed in this fashion, the results were
consolidated into 3 categories based on fire type: smoldering, flaming, and kitchen. The average
relative time to detector activation for each type of detection technology was calculated, and a
95% confidence interval (i.e., two standard deviations) was determined and plotted. Data that
were not within three standard deviations of the average were omitted, since these results were
often found to be caused by data acquisition errors. These errors were confirmed from test data
of the monitored voltage of the detector or from test notes from the experimental team, thereby
justifying the omission of the data outside three standard deviations. Likewise, activation times
from any detectors that activated in a manner very inconsistent with other detectors at a given
location or in an obviously erroneous way were not considered, because this data skewed the
results. These errors occurred most often in the Dunes 2000 tests, where thé monitored voltages
showed considerable noise. In many cases, this electrical noise inferred detector activation,
based on the NIST protocol, even though smoke had not yet arrived at the detector location. The
plots of the data for the three types of fires. smoldering, flaming, and kitchen, are shown below
as Figures 2-4.
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Figure 2. Relative time data for all of the smoldering tests from the Dunes {1}, Kemano [3], and Dunes 2000
[4] studies. The average value and the 95% confidence interval for the different detection technologies are
alse shown. . ’

12 - S e e e e e i
+ lonization T
O1Combination
10 . A Photoelectric
X Average lonization i
O Average Combination
- Average Photoelectric ‘
8
A
g B % : é
z
2 i
kS 0
g 4 =
2 H
B
0.
lonization Combination | . ", Photoetectric
25 SN e e e et e e e e o pon e e e e

Figure 3. Relative time data for tests using the flaming fires from the Dunes 11,2}, Kemano [3], and Dunes
2000 [4] studies. The average value and the 95% confidence interval for the different detection technologies
are also shown.
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Figure 4. Relative time data for kitchen fire tests from the Dunes [1 2], Kemano {3}, and Dunes 2000'[4]
studies. The average value and the 95% confidence interval for the different detection technolegies are also
shown.

As can be seen from the figures above, this study found that ionization smoke detectors
are generally faster at responding to flaming fires, and photoelectric smoke detectors are
generally faster at responding to smoldering fires. This conclusion, based on the average of the
relative times for both types of detectors and both kinds of fires, is in agreement with the
conclusions of previous studies. Ionization detectors were also faster at detecting kitchen fires.
While this generality that ionization detectors are faster at detecting flaming fires and that
photoelectric detectors are faster at detecting smoldering fires was confirmed, this study
determined that overall there is no statistically significant difference between the activation time
of ionization and photoelectric detectors when the entire data set is considered.

This conclusion that there is no statistically significant difference in the activation times
of ionization and photoelectric detectors is based on the small difference in their average
response times when compared with the considerable overlap of the confidence intervals of the
data. This finding demonstrates that while one detection technology may on average be slightly
better than another for a particular type of fire, there is no statistically significant difference
between the detection technologies. Hence, for a fire of any given type, there is no statistical

~guarantee of which type of detector will detect that fire first. Therefore, this analysis shows that
ionization, photoelectric, and combination technologies are essentially equivalent for the
detection of household fires.

This finding is not surprising, because identical testing requircments are placed on all
smoke detection technologies. All detectors, regardless of what detection technology is used,
must pass UL 217 [5] or UL 268 [6], and thus should have similar detection capabilities across
all fire types. Figure 5, presented below, shows the relative time performance of the three
detcctor types to all types of fires for both the Dunes testing in the 1970s and the more recent
Dunes 2000 testing. Note that the average activation times for the different technologies are



quite similar for both data sets. This figure indicates that the relative performance of ionization
and photoelectric technologies has not changed significantly over the past 35 years, since there
was not and still is not any statistically significant difference in the performance of ionization,
photoelectric, or combination detectors. Therefore, the conclusions of the original Dunes testing
of the 1970s that either ionization or photoelectric detectors provide adequate warning for most
household fires still have application today. These conclusions endure even though fuel types
have changed and absolute activation times and provided escape times may have been reduced.
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Figure 5. Relative time data for all the fire tests for the Dunes tests (1970s) (left) 1 2] and the Dunes 2000
tests (right) [4]. The average value and the 95% confidence interval for the different detection technologies
are also shown.

Furthermore, this study found that ionization detectors showed greater scatter in detection
time of smoldering fires, and photoelectric detectors showed greater scatter in detection time of
flaming fires. This result can be seen in the variability of the data and in the magnitude of the
confidence intervals in Figures 2 and 3 above. In addition, combination detectors were found to
offer no statistically significant better performance than an ionization or a photoelectric detector -
singularly, regardless of fire type. Combination detectors, though, showed less scatter in
detection time than either ionization or photoelectric detectors. Despite this minimal advantage,
combination detectors inevitably will have more false alarms, since they will alarm to nuisance
sources for both ionization and photoelectric detectors. This potentially negatwe aspect of
combination detectors was not explicitly considered in this study. ‘

Finally, the data from all of the fire types was combined into one comprehenswe graph,’
which is shown below as Figure 6. When the data for each given detector type is averaged, it
becomes apparent that all the detection types are statistically equivalent at a 95% cenfidence
level. In practice, this means that if the next fire type is unknown, as will generally be thecase,
ionization and photoelectric detectors are, on average, equivalent for -detecting the fire.
Moreover, even if the next fire is known, consumers can be confident that they will be getting
equivalent performance compared with other detection technologies regardless of what type of
detector is installed. Combination detectors performed slightly better on average than either the
ionization or the photoelectric detectors, but again, unless the detection chamber signals are
combined with computer algorithms (e.g., the response of one chamber is used to confirm the
response of the other), which would change the relative time results, the combination detector
will be more prone to false alarms. R ‘ ‘
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Figure 6. Relative time data for all tests from Dunes [1}, Kemano [3], and Dunes 2000 [4). The average
relative time for each detection technelogy is alse shown, along with the 95% confidence levels. The total
number of data points analyzed was 2843.

In summary, this study demonstrates that ionization, photoelectric, and combination
detectors provide statistically equivalent warning to different types of fires. This finding holds
for the Dunes studies in the 1970s, and still holds today for the 2003 Kemano and Dunes 2000

-studies, showing there has been no noticeable increase in the effectiveness of one type of
detector over another in the last 35 years. This conclusion is still valid even as different
furnishings have been introduced into the market and as other changes in residential fire hazards
have occurred over this time period. The results from this study clearly show that instead of
continuing to debate which technology is currently better, installation efforts should emphasize
maximizing the number of detectors in residences. Similarly, research efforts should be focused
on lowering the absolute time for activation of all detectors while decreasing false alarms
through nuisance source rejection. By focusing on reducing time to activation and on reducing
false alarms, relative time will effectively remain unchanged, but overall fire safety for
occupants of a residence will be increased.
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